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INTRODUCTION
The Expectations Hypothesis of the Term Structure (EHTS) of interest rates states that the return on a longterm financial asset is an average of current and expected short-term interest rates on this asset over the corresponding maturity.
targeting approach was modified, implementing a transition phase towards an inflation targeting regime which was officially introduced in 2002.
The existing empirical evidence on the impact of this new policy regime on the monetary transmission mechanism is, however, relatively limited and rather uninformative.
There is some evidence that, during the initial phase of the inflation targeting regime, there has been an increase in the interest rate pass-through, although the strength of this channel has been limited by some structural factors, notably the relative shallowness of financial markets, as witnessed by the illiquidity of longer-term bonds (Claveria et al., 2009 ). Further econometric evidence shows that domestic monetary authorities retained their capability to influence market interest rates during the inflation targeting regime. This influence, however, was mostly confined to the short-end of the yield curve, while the key issue remains of whether changes in market interest rates were of the same magnitude of those of policy rates (Dakila and Claveria, 2006) .
Overall, to the best of my knowledge, no empirical contribution has still explored in full detail the validity of the EHTS for the Philippines, namely the existence of a long-run equilibrium relationship between nominal interest rates at different maturities, as well as the validity of the restrictions associated with alternative versions of the EHTS. Moreover, no empirical contribution has still investigated the direction of the causal relationships between yields at various maturities, a crucial issue for the proper working of the interest rate channel of monetary policy.
The purpose of this article is to fill these relevant gaps in the literature.
The outline of the paper is as follows. Section 2 implements cointegration tests on the Philippine term structure and investigates the restrictions on parameters associated with alternative versions of the EHTS. The analysis is firstly carried out inside a bivariate framework, and subsequently extended to a multivariate set up. Section 3 performs some causality tests between yields at different maturities, focusing both on short and on long-run interactions among nominal yields. Section 4 concludes the paper, outlining its main policy implications and some directions for future research. Strong co-movements between assets yields are documented, particularly during the second half of the sample.
On the whole, this pattern provides some informal evidence supporting the existence of cointegration. Moreover, no significant structural break is apparent from the overall dynamics of the Philippine term structure.
As a prerequisite for cointegration analysis, these series were submitted to standard unit root tests which, in all cases, provided robust evidence that they are integrated of order one (I(1)). This finding is in line with the bulk of the applied literature and offers a sound motivation for the use of a cointegration-based approach to explore the validity of the EHTS.
Bivariate Analysis
Let it (n) , it (m) denote, respectively, the long term and the short term interest rates (m < n). Assuming the existence of a (constant) risk premium component (nm) that may vary with the maturity of rates, the EHTS may be formally be expressed as:
The literature analyzing the validity of the EHTS through a bivariate approach relies on the following reparametrization of equation [1] :
Since nominal interest rates are typically I(1) variables, the validity of the EHTS is usually explored assessing the existence of a long-run equilibrium relationship between it (n) and it (m) with a cointegrating vector (1, -1) (see Campbell and Shiller (1987) and Taylor (1992) ) seminal papers). This restriction is commonly known as the "symmetry " or "zero-sum" restriction, and expresses the existence of a one-to-one long-run relationship between interest rates at different maturities. Additionally, testing the further restriction  = 0 in equation [2] , allows to disentangle between the "Pure" EHTS version ( = 0) and the "Liquidity Premium" specification ( > 0) positing significant risk premium components at all temporal horizons.
Drawing on the above discussion, I explore the existence of long-run equilibrium relationships between two alternative interest rates pairs involving, respectively, the short-term (3-months) rate and long-term interest rates at 6-months and 12-months maturities. As underlined in the literature, alternative estimators are crucial in order to ensure the robustness of cointegration results (see, e.g. (Narayan, 2005) ). In this perspective, three alternative estimators are used to estimate the long-run elasticities inside the Philippine term structure, namely Ordinary Least Squares (OLS), the Phillips and Hansen (1990) Fully Modified Estimator (FM-OLS), and the Dynamic Ordinary Least Squares (DOLS) estimator outlined in Stock and Watson (1993) .
FM-OLS and DOLS overcome some drawbacks of OLS in the presence of serial correlation in the error term and endogeneity of regressors. These estimators provide therefore optimal estimates of the cointegrating regression and robust statistical inferences from tests on parameters restrictions.
FM-OLS differs from the static Engle-Granger OLS estimator since the cointegrating vector is estimated taking into account the short-run dynamics. This is done through a non-parametric correction which accounts for residuals autocorrelation and potential endogeneity of right-hand-side variables.
The DOLS approach, on the other hand, controls for the endogeneity of explanatory variables by inserting leads and lags of the changes of exogenous variables. By inserting leads and lags of the exogenous variables in firstdifferences, the explanatory variables in levels become super-exogenous and the regression results are unbiased (Wooldridge, 2009) . 2 The results of cointegration tests and of a quantitative assessment of various parameters restrictions are summarized in Tables 1 and 2 . Cointegrating regressions normalized on the long-term interest rate: it (n) =  +  it (m) + t (see equation [2] ); n = 6-months , m = 3-months. Critical values for ADF cointegration tests are from Engle and Yoo (1987) All cointegrating regressions are estimated inserting the short-term policy rate proxy on the right-hand-side.
The former table refers to the bivariate relationship between the policy rate and the long-term rate at a 6-month horizon, whereas the latter table involves a longer maturity (1 year). The empirical findings from the OLS estimator appear in the first rows of these tables, while the remaining rows report the results from the more efficient estimators outlined above. 3 The most salient feature of these tables is the strong homogeneity in the results produced by alternative estimation techniques. This homogeneity involves both the evidence from cointegration tests and the empirical findings about parameters restrictions.
The existence of a long-run equilibrium relationship between nominal yields at various maturities is strongly supported by data. As documented in Tables 1 and 2 , the 6-months and the 12-months interest rates are always cointegrated with the short-term policy rate according to all cointegration tests.
Cointegration among nominal yields is thus a pervasive feature of the Philippine term structure, thus corroborating the visual evidence of section 2.1 and supporting one important empirical implication of the EHTS.
Turning to parameters estimates, the long-term interest rates responses to policy rate movements (β coefficients) are consistently higher than one. These estimates clash with the "symmetry" restriction implied by the EHTS, which assumes an equi-proportional dynamics between short and long-term interest rates. The Wald tests implemented through alternative estimators consistently reject the null that β = 1 for all maturities, thus strongly supporting the above conclusion.
The constant terms in the cointegrating regressions (α coefficients) are never significantly different from zero 4 , thus suggesting the absence of significant liquidity premia components at all horizons. In line with this evidence, the Wald tests for the restriction that α = 0 in equation [2] are almost never able to reject the null hypothesis.
The empirical evidence of Tables 1 and 2 is therefore in line with the "Pure" version of the EHTS. This evidence differs from that recently obtained for other Asian countries, which usually supports the "Liquidity Premium" version of this theory (see e.g. Tronzano (2015a)) for India, and Tronzano (2015c)) for Malaysia). A likely reason for this discrepancy is that the present study focuses on relatively short temporal horizons (6-months, 12-months) whereas Tronzano (2015a; 2015c) consider a wider spectrum of assets maturities, extending beyond a 1-year horizon.
A final result of this section is that the joint hypothesis of α = 0 and β = 1 is consistently rejected. Given the absence of risk premia components, this result is clearly driven by the rejection of the "symmetry" restriction.
Overall, this section documents the existence of significant long-run equilibrium relationships inside the Philippine term structure, but shows that long-terms yields tend to systematically over-react to the monetary impulses stemming from the policy rate. On the whole, therefore, these findings are only partially supportive of the EHTS.
The next section assesses the robustness of these results, extending the empirical analysis inside a multivariate cointegration framework.
Multivariate Analysis
The present section replicates the previous analysis inside a multivariate cointegration framework. The existence of long-run equilibrium relationships and parameters restrictions are therefore reassessed jointly inspecting all interest rates maturities. This approach has strong empirical underpinnings.
The EHTS predicts that each yield series is cointegrated with the short-term policy rate (i (m) t). Therefore, considering a system of (N) interest rates, the (N-1) spread vectors belonging to the set [ (-1,1,0,….,0)', (-1,0,1,0,…..,0)', ......., (-1,0,……0,1)' ] are linearly independent and underlie a cointegration space of rank (N -1).
Testing the EHTS in a multivariate cointegration framework exploits, consequently, one basic implication of this theory, namely that a system of (N) non-stationary yields should have one common stochastic trend driving interest rates (see e.g. Hall et al. (1992) ).
A multivariate approach, moreover, delivers more accurate inferences than the literature investigating interest rates in pairs, since term structure innovations jointly affect the whole spectrum of interest rates maturities (see, among others, Hall et al. (1992) ; Engsted and Tanggaard (1994) ; Konstantinou (2004) ; Masih and Ryan (2005) .
The analysis of the present section relies on the standard Full Information Maximum Likelihood approach proposed in Johansen (1995) . Although alternative methodologies are available to determine the number of common trends, this approach provides the most straightforward way to test the hypotheses on the cointegrating vectors (Engsted and Tanggaard, 1994) .
The optimal lag order (p) in the Cointegrating VAR is chosen through standard model selection criteria. On this basis, both multivariate cointegration tests and Likelihood Ratio tests on parameters restrictions are obtained setting p = 2. 5 Diagnostic checks on the Cointegrating VAR (2) reveal that, at this lag structure, no equation suffers from residuals serial correlation. Table 3 summarizes the results from multivariate cointegration tests. The Maximum Eigenvalue and the Trace Test reject the null hypotheses that there are at most zero or one cointegrating vectors. These tests, therefore, strongly support the existence of two cointegrating vectors, fully in line with previous results.
The existence of one common stochastic trend supports one basic implication of the EHTS in a multivariate cointegration perspective. This finding implies that the Philippine term structure displays a cointegration property that prevents nominal yields from drifting too far apart, thus eliminating the occurrence of persistent profitable opportunities. This is clearly in line with the arbitrage condition underlying the validity of the EHTS.
Overall, therefore, the results of Table 3 reiterate the accuracy of previous findings inside a more powerful econometric framework.
In line with the previous analysis, three restrictions on the cointegrating vectors are now addressed. The first, denoted "Zero Risk Premia", assumes the absence of significant term premia components at all temporal horizons, setting to zero all intercept terms (θls). The second, named "Symmetry", assumes an equi-proportional long-run dynamics between yields at various maturities. The third restriction, finally, involves the joint validity of those outlined above. The Likelihood Ratio test for "Zero Risk Premia" (Table 4 , upper section (a)) is very low, and the joint restriction that θls = 0 for all cointegrating vectors cannot be rejected at standard significance levels. This evidence provides therefore further support to the "Pure" EHTS version.
The Likelihood Ratio statistics for "Symmetry" (Table 4 , middle section (b)) is instead very high, leading to a strong rejection of this restriction. In line with previous results, a significant and systematic over-reaction of longterm interest rates to short-term policy rate movements is documented.
The joint restrictions (Table 4 , lower section (c)), finally, are strongly rejected. Given the absence of significant risk premia components, this result is again clearly driven by the rejection of the "Symmetry" restriction.
Overall, these results are fully consistent with those derived in the previous section.
The coefficient estimates of cointegrating vectors provide further interesting insights. Table 5 displays these estimates, with cointegrated vectors normalized on long-term yields. As shown in this table, the intercepts terms are always insignificantly different from zero, in line with the estimates derived from a bivariate econometric framework. Moreover, for both cointegrating vectors, slope coefficients are significantly higher than one and increasing in the time to maturity (more specifically, 1.16 for the 6-month maturity, and 1.27 for the 1-year maturity). Quite interestingly, these coefficients are almost identical to those obtained through the DOLS estimator.
This finding underlines the importance of using alternative estimation techniques, inside a bivariate econometric framework, in order to obtain reliable parameters estimates. In a more general perspective, moreover, the estimated values of slope coefficients document that the overshooting of long-term nominal yields is a robust empirical result in the context of the present econometric investigation.
CAUSALITY TESTS
The results obtained in the previous section document that cointegration between nominal yields is a robust feature of the Philippine term structure. Although cointegration implies the existence of causality, cointegration analysis is not sufficient to establish the direction of causality among variables. This issue, however, is crucial to evaluate the effectiveness of the interest rate channel of monetary policy.
Since 2002, which approximately corresponds to the beginning of our sample, the Philippine Central Bank has officially adopted an inflation targeting regime relying on the short-term policy rate management. Inside this new monetary policy framework, the interest rate channel, capturing the transmission of the policy rate to market interest rates and to the real economy, represents the more relevant mechanism of monetary transmission. 6 6 Although this paper focuses on the interest rate channel, this is by no means the only channel of monetary policy transmission. The modern approach to monetary policy has identified several other channels, since the empirical literature has documented that the macroeconomic impact of policy rates movements is much larger than that implied by the standard interest rate channel. These alternative channels include: the credit channel (amplification of the effects of policy rate movements through bank lending and balance sheets effects); the exchange rate channel (effects of policy rate movements on the domestic currency and hence on competitiveness and aggregate demand); the asset price channel (wealth effects associated with bonds and equities price variations induced by policy rate movements); and the expectations channel (forward-looking agents expectations correlated with Central Bank's policy decisions).
The interest rate channel of monetary transmission assumes the validity of the EHTS and the existence of a causal relationship from the short-term policy rate to longer term market rates. This short to long causality pattern ensures that monetary impulses are efficiently transmitted to market interest rates at progressively longer maturities, thus ultimately affecting the interest sensitive components of aggregate demand (consumption, investment) and hence output and inflation.
Causality in the reverse direction (i.e. from long to short rates), or bi-directional causality, would instead hinder the smooth working of this relevant channel of monetary transmission, since the policy rate would no more be an exogenous policy instrument, and the ultimate effects of monetary policy would become more uncertain due to complicated feedbacks effects.
Drawing on the above remarks, this section explores the direction of causality through a standard Vector Error Correction Model (VECM). More specifically, since short and long-term yields are cointegrated, a bivariate VECM for these variables may be specified as follows:
where, as before, i (m) t and i (n) t represent, respectively, the short and the long-term interest rate. Moreover, ∆
indicates the first-difference operator; RESt-1 is the lagged error correction term from the cointegrating equation; 1
and 2 are constant parameters; 1 and 2 are speed of adjustments coefficients; and 1t , 2t are white-noise residuals.
In the context of the present investigation, i (m) t corresponds to the 3-months interest rate (i 3M ) assumed as a proxy for the Central Bank short-term policy rate; i (n) t is instead a long-term interest either at a 6-month (i 6M ) or at a 1-year (i 1Y ) maturity.
This VECM specification allows to disentangle between different sources of causality related to long and shortrun dynamics.
The error correction parameters (1 , 2) provide information about the direction of long-run causality, since they are related to the intensity of the adjustment process towards the long-run equilibrium. A negative and significant error correction parameter implies that the left-hand variable in the corresponding VECM equation adjusts to eliminate deviations from long-run equilibrium. This analysis is usually defined as a test of weak exogeneity (Engle et al., 1983) ; (Engle and Granger, 1987 ).
Short-run causality can instead be inferred testing the joint significance of lagged coefficients in each VECM equation, in line with the standard approach outlined in Granger-Sims causality tests.
A joint test for the null hypotheses that an error correction parameter is equal to zero and lagged parameters are equal to zero provides, finally, a test for strong exogeneity of the left-hand variable in the corresponding VECM equation.
The VECM outlined in equations [3]-[4] is estimated for two interest rates pairs including the short-term policy rate, namely (i 3M , i 6M ) and (i 3M , i 1Y ).
The optimal VECM order is selected on the basis of standard model selection procedures (Akaike Information
Criterion and Schwarz Bayesian Criterion) and in order to ensure satisfactory residuals diagnostics for all estimated equations. On this basis, an optimal VECM order of one (p = 1) is selected for both bilateral interest rates pairs.
Diagnostic checks point out that a VECM(1) specification provides satisfactory results in terms of functional form, residuals serial correlation and heteroscedasticity tests. Table 6 summarizes the empirical evidence from VECMs in terms of parameters estimates, Likelihood Ratio tests for short-run causality, and Wald statistics for strong exogeneity. i (m) t : short-term policy rate (proxied by the 3-month nominal interest rate i 3M ) i (n) t : long-term interest rates at a 6-month (i 6M ) and a 1-year (i 1Y ) maturity. Estimated VECMs are specified as follows:  i (m) t = 1 + 1RESt-1 + lagged(i (m) t , (i (n) t ) + 1t  i (n) t = 2 + 2RESt-1 + lagged(i (m) t , (i (n) t ) + 2t *** : significant at a 1% level; ** : significant at a 5% level; * : significant at a 10% level. Numbers in parentheses below estimated parameters values are t-statistics. Numbers in square brackets behind Wald statistics are marginal significance levels.
The most relevant result involves the estimated error-correction coefficients. The error-correction parameter in VECM equations normalized on the short-term policy rate (γ1) is never statistically significant, whereas the same parameter in the equations normalized on the long-term interest rate (2) is always highly significant.
These findings provide strong evidence of unidirectional long-run causality form the policy rate to longer term maturities, documenting that the Philippine policy rate is weakly exogenous.
The estimated value of γ2 for the shorter temporal horizon (6-months), moreover, is much larger than that for the longer horizon (1-year). This implies, in line with economic intuition, that the speed of adjustment to an exogenous monetary impulse is faster at the short end of the yield curve.
This robust evidence for a "short-to-long" causality pattern is consistent with the new inflation targeting regime introduced in 2002, since it ensures that policy rate variations are efficiently transmitted along yield curve maturities, without destabilizing feedback effects.
Focusing on the central rows of Table 6 , the bilateral interest rate pair for the shortest maturity (6-months) supports the existence of short-run bi-directional causality, whereas an opposite result is obtained for the bilateral pair at the longest maturity (1-year).
These results are still consistent with a monetary policy relying on a short-term policy rate instrument, although they reveal that, at the shortest maturities, this monetary policy could give rise to temporary feedback effects.
This policy implication is confirmed by the empirical findings about strong exogeneity (Table 6 , last row).
These results show that, focusing on the longest maturity of the term structure (1-year), the null hypothesis of strong exogeneity of the policy rate is not rejected. The same conclusion, however, does not hold at the short end of the yield curve (6-month), given the existence of short-run dynamic interactions between the policy rate and the 6-month nominal interest rate.
CONCLUDING REMARKS AND POLICY IMPLICATIONS
This paper provides a first assessment about the validity of the EHTS in the Philippines.
This country represents an interesting case-study because it implemented a progressive financial markets liberalization since the early 1990's and introduced a new monetary policy regime in 2002, based on the management of a short-term policy rate. Moreover, notwithstanding some empirical work addressing the impact of this new policy regime, the validity of the basic assumptions of the EHTS has never been investigated in full detail.
The empirical findings may be summarized as follows.
There is a strong support for the existence of cointegration between nominal interest rates and, in line with the "Pure" EHTS version, no significant risk premium component is detected. However, contrary to one basic implication of the EHTS, the "symmetry" restriction, assuming equi-proportional movements between nominal yields at various maturities, is rejected. All these results, firstly derived inside a bivariate econometric framework, are robust to an extension of the analysis inside a multivariate econometric framework.
Turning to causality tests, Vector Error Correction Models provide strong evidence of unidirectional causality from the short-term interest rate (assumed as a proxy for the policy rate) to longer term maturities. Overall, these results imply that the short-term policy rate is weakly exogenous. Additional evidence provided by standard Granger-Sims causality tests, moreover, points out the existence of short-run bidirectional causality between the policy rate and the 6-month nominal interest rate, whereas this short-run causality pattern vanishes at longer temporal horizons.
There are two relevant policy implications to be drawn from the present research. The former is related to the findings from causality tests, while the latter involves the empirical evidence pointing to a strong rejection of the "symmetry" restriction.
As regards the former issue, the existence of "short-to-long" causality implies that the new monetary regime introduced in 2002 is fully consistent with the empirical evidence, since this unidirectional causality pattern ensures a smooth transmission to the real economy of the exogenous monetary policy impulses.
However, since the strong exogeneity of the policy rate holds only for longer term yields, an additional implication is that monetary policy should be mainly focused on the management of longer term maturities. A major focus on longer term yields would indeed prevent potentially destabilizing effects stemming from the shortrun interactions between the policy rate and shorter term yields. This policy prescription is consistent with the bulk of the applied literature, documenting that aggregate consumption and investment decisions are mainly affected by the dynamics of longer term maturities.
The latter policy implication is related to the rejection of the "symmetry" restriction, namely to the absence of equi-proportional movements between the exogenous policy rate and market interest rates. More specifically, according to our estimates, both the 6-month and the 1-year interest rate tend to systematically overshoot policy rate dynamics.
Notwithstanding the absence of significant risk premium components, these overshooting effects complicate the implementation of monetary policy, since its ultimate effects on market interest rates cannot accurately be predicted. In other words, although causality runs in the "right" direction, final monetary policy targets might significantly depart from their optimal values in the presence of an over-reaction of market interest rates.
The lack of support for the "symmetry" restriction calls for a gradualist approach in the implementation of a monetary policy focused on longer term maturities. In the presence of systematic overshooting effects, a gradual policy rate adjustment allows to smooth out the impact of policy rate movements on the term structure, thus preventing unforeseen monetary policy effects and excessive volatility in market interest rates.
A monetary policy strategy relying on interest rate smoothing is therefore another relevant policy implication of this paper, in line with the policy implications recently put forward for other Asian countries (see, respectively, Tronzano (2015c) for Malaysia, and Tronzano (2018) for Korea). This paper can be profitably extended along many research directions.
This empirical investigation includes a relatively small number of asset maturities, due to the poor availability of reliable interest rates data. Some straightforward extension of the present paper include, therefore, an increase in the number of asset maturities, the use of data sampled at different frequencies, and an analysis of the term structure relative to financial instruments different from government bond yields.
Recent work has emphasized the effects of nonstandard monetary policies on international yields relationships and the influence of international spillovers in the interest rates setting of central banks (Beckmann et al., 2017) . In this perspective, another interesting research topic is represented by an investigation about the influence of some important interest rates (such as US or Japanese rates) on the cointegrating relationships characterizing the Philippine term structure.
A joint empirical analysis of the Philippines and other Asian countries which recently implemented financial liberalization measures represents, finally, another promising research direction. Guerello and Tronzano (2016) use panel data techniques and provide robust evidence supporting the EHTS for a small sample of Asian emerging economies including the Philippines. Further research efforts along these lines are worthwhile, extending the crosssectional dimension of the sample of Asian countries, and exploring the role of common global factors and of international interest rates spillovers.
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